Aim: Both conventional and flexible resins may show color alteration due to intrinsic and extrinsic factors. The aim of this study was to evaluate the color changes of the polyamid and heat polymerized acrylic denture base materials in storage of different staining solutions. Methods: Two denture base materials were used in this study. The speciemens were stored in two staining solutions (tea, coffee), distilled water and denture cleaner. For each group, 14 speciemens (25 × 15 × 2.5 mm) were prepared. The color of speciemens was measured using a colorimeter according to the CIE L*a*b* color scale. The color changes of speciemens were evaluated before and after 7 and 30 days. All data recorded were taken by the same investigator to minimize inconstancy of technique. The data were analyzed statistically by repeated measures analysis of variance and Tukey honestly significant difference multiple comparison tests. It was found no statistically significant difference between solutions (P > 0.05). Results: Polyamid denture base resin displayed the greatest colour change when compared to polymetyhl methacrylate denture base resin (P < 0.001). Polyamid material indicated the highest value (ΔE: 7.28) in coffee solution for 7 days. Significance: The colour stability of polymetyhl methacrylate denture base resin is greater than polyamid denture base resin.
Introduction
Most dental patients of all ages prefer to avoid the use of metal in dental treatment because of their desire for a bright, white smile. Due to such increased esthetic expectations, thermoplastic resins have recently become a treatment option for patients [1] . Some potential alternative materials to polymetilmethacrilat (PMMA) used in such cases are such as polycarbonate and nylon [2] . Nylon is a generic name for certain types of thermo-plastic polymers belonging to the class known as polyamides. These polyamides are produced by the condensation reactions between a diamine and a dibasic acid [3] . Flexible resins have some advantages: superior esthetics, reduced potential reactions to metal, flexibility and highly elastic nature [4] . These are translucency, a natural appearance without laboratorial characterization; they prevent prosthesis fractures, allow lighter and more comfortable prothesis. Besides, flexible resins require no tooth preparation as conventional RPDs do and they reduce the chair time [5] [6] . Nylon denture base material could be a useful alternative to poly (methyl methacrylate) (PMMA) in special circumstances such as patient allergy to the monomer [3] .
Plymethyl methacrylate resin has been used for a long time as the best choice to fabricate full or partial dentures because of its esthetic qualities and ease of maniplation. Nevertheless, their mechanical properties should be improved [7] .
Color stability of denture base acrylic resins is a concern, as it is associated with esthetic reproduction of oral mucosa. For this reason, colorants and other constituents of denture base resins should be stable during denture fabrication [8] . Discoloration of acrylic resins may be caused by several factors. Intrinsic factors such as degree of conversion and residual monomer can influence color stability. Another possible source of color change is the porosity. It is caused by overheating or pressure during processing [9] . Color stability of denture base resins is associated with eating habits. It has been reported that certain beverages, such as tea, coffee, and wine, cause discoloration of acrylic resins [10] . Some of the extrinsic factors are: the effect of cleaning solutions, tobacco, composition of saliva and denture hygiene habits [11] .
The discoloration of resin restorations can result in an esthetic problem. Minimizing color change is a factor that should be used in the selection of materials and techniques for the best esthetic effect; the material should be translucent. Color and translucency should be maintained during processing and these resins should not get stained or changed in clinic use. The color stability criteria may provide important information on the servicability of materials [12] .
The aim of this study was to evaluate the effect of different staining solutions and times of storage on the color stability of the polyamid and polymetyhl methacrylate denture base materials.
Materials and Method
Two denture base materials were used in this study: heat-polymerized polymethylmethacrylate (Meliodent, Bayer Co. Germany) and polyamid (Deflex ® , Nuxen S.R.L., Buenos Aires, Arjantin) denture materials. Polyamid is a thermo-injectable resin, which belongs to the polymer series.
Polyamid is made liquid by heating with Micro Injection Molding Machine automatically and injected with pressure to the prothesis molds.
For each group, 14 speciemens (25 × 15 × 2.5 mm) were prepared. These speciemens were wet-polished with up to 1200 grit abrasive paper. After immersion in distilled water at 37˚C for 48 hours, the speciemens were dried.
Preparation of Staining Solutions
Two staining solutions (tea, coffee), distilled water and denture cleanser were used in this study. To prepare the coffee solution, 3 g of coffee (Kahvecizade Mehmet Efendi; Y. Dudullu, Istanbul, Turkey) was added into 150 mL of boiling water. The tea solution was prepared by immersing two tea bags that each contained 2 g of tea (Lipton Yellow Label Tea; Unilever, Istanbul, Turkey) into 150 mL of boiling water for 10 min. The coffee and tea solutions were then stirred for 10 severy 15 min until the temperature of the solution was 37˚C, and then passed through filter paper to remove any particulate residues. The denture cleanser solution was prepared by added one denture cleanser (Corega Tabs, Stafford-Miller Ind., Rio de Janeiro, RJ, Brazilin) to 150 ml of boiling water. Each solution was stirred once a day in order to reduce the precipitation of particles, and replaced daily.
Colour Measurements
Color measurements were performed for each speciemen before and after soaking, using the CIE L*a*b* color space system [13] . The measurements of color changes of the speciemens were made randomly selected area the center of each specimen. The color changes of speciemens were evaluated before and after 7 and 30 days of im-mersion in different solutios (tea, coffee and denture cleaner) and distilled water. For these repeated colour measurements, each speciemens was rinsed in water for 5 min, and then blotted dry with tissue paper before the color measurement. After desiccation, the color of speciemens was measured using a colorimeter (Shade Eye NCC; Shofu Dental Corporation, Kyoto, Japan). Before each measurement the colourimeter was calibrated according to the manufacturer's recommendations. All data recording were taken by the same investigator to minimize inconstancy of technique.
In addition, the differences in the L*a*b* values of the five specimens in each group before and after soaking were compared using acrylic resin as a control group.
The color differences resulting from soaking were calculated using the following equation [14] . ΔE*ab = {(ΔL*) 2 + (Δa*) 2 + (Δb*) 2}1/2 ΔL* = L*o − L*t Δa* = a*o − a*t Δb* = b*o − b*t L*t, a*t, b*t: before soaking L*o, a*o, b*o: after soaking ΔE value of 3.7 or less is considered to be hardly visible also clinically acceptance. In order to relate ΔE* to the clinical environment; the values of color changes converted to National Bureau of Standard units showed them to be perceivable to the human eye.
NBS units = ΔE* × 0.92 where the specific colour differences are expressed in terms of NBS units.
Statistical Analysis
The data were analysed statistically by repeated measures analysis of variance (ANOVA), one-and two-way ANOVA, and Tukey honestly significant difference (HSD) multiple comparison tests.
Results
The minimum, maximum, means and Standard deviations values for all materials after stored in the staining solutions are shown in Table 1 . Repeated measures analysis of variance (ANOVA) showed that there was a significant differences between denture base materials (P < 0.001). But, it was found no statistically significant differences between solutions in PMMA for 7 days and polyamid material for 30 days (P > 0.05).
The colour changes of polyamid denture base resins are greater than polymetyhl methacrylate denture base resins. The highest coloration values were shown in polyamid material in stored coffee.
The colour differences of PMMA and polyamid base materials after their immersion in the four solutions for 7 and 30 days are summarised in Figure 1 and Figure 2 .
There was a statistically significant differences between solutions for PMMA in stored 30 days (P < 0.05), the highest mean value (∆E > 3.7) was found in tea for 30 days.
There was a statistically significant differences between solutions for polyamid material (P < 0.05) in stored seven days, the highest mean value (∆E > 3.7) was found in stored coffee solution for 7 days.
Discussion
An increased awareness of esthetics in dentistry has led to the need of removable partial dentures (RPDs) that reveal little or none of the metal supporting structures or retentive elements [15] . The indication of more esthetic materials without metallic support such as flexible resins is limited due to the lack of information provided by manufacturers or literature regarding alterations in chromatic stability and microhardness.
Both conventional and flexible resins suffered color alteration following aging due to intrinsic and extrinsic factors. Intrinsic factors involve the discoloration of the resin material itself, such as the alteration of the resin matrix and interface of matrix and fillers [16] .
Intrinsic factors include discoloration of material, with alteration of the matrix. Extrinsic factors such as absorbtion and adsorption of substances in conventional resins may also lead to discoloration [16] - [18] .
In the present study was evaluated the color changes of the polyamid and heat polymerized acrylic denture base materials in storage different staining solutions. The colour stability of PMMA material is greater than polyamid material (P < 0.001).
The polyamid materials also contain auxochromes which, in combination with chromophores and free radicals in solution, may result in staining [1] .
Buyukyilmaz et al. [19] stated that one light-polymerized, three heat-polymerized, and three autopolymerized denture base polymers were exposed to coffee, tea, water at 50 degrees ˚C +/−1 degree ˚C, as well as artificial sunlight and water, and evaluated for color stability. Coffee and tea stained the denture base materials superficially.
Imirzalioglu et al. [20] showed that the effect of staining solutions on the color of each test material in each session was perceivable by the human eye (∆E > 1); however, the color shifts of all test materials were clinically acceptable (∆E < 3.7).
The color stability of denture base materials when they were exposed to coffee, tea, mouth wash, Turkish coffee. Turkish coffee solution exhibited more staining capacity than the other solutions [21] .
Sepúlveda-Navarro et al. [22] suggested that Chromatic changes were exhibited by specimens immersed in red wine, followed by coffee. For Transflex, cola also promoted color changes. The values of color changes converted to (NBS) National Bureau of Standard units showed them to be perceivable to the human eye.
Aysan et al. [23] evaluated that when kept in different solution taken intraorally, polyamid denture base material was more stained than the polymethylmethacrylate base materials. The color change of denture base materials were increased in tea. This results was same as present study.
In the present study, PMMA was showed the highest ∆E value (4.20) in tea while polyamid material that of coffee solution (∆E: 7.28).
Time was found to be a critical factor for color stability of denture base materials. The immerison time increased color changes become more intensive [16] .
Polyamid showed a greater color change compared to PMMA, especially in the coffee solution for 7 days. The color change of polyamid denture base materials was increased with time of storage. Furthermore, color measurements can be affected by surface reflections, inside diffusion and absorption in the specimens and the back ground [1] .
In other study, all flange materials tested demonstrated color stability in air and water. However, the color changes of silicone and copolyamide materials stored in coffee solution for 180 days were greater than 3 NBS (National Bureau of Standards) units, which would be characterized as appreciable and considered clinically unacceptable [24] . Staining occurs due to the physical penetration of pigments between the molecular lattices or the adsorption of pigments on the surface of specimens [25] .
May et al. [26] evaluated that the color stability of five denture base acrylic resins and one denture base repair resin. The samples were subjected to conditions of accelerated aging to test color stability. It was found the least color-stable of the materials.
In the study of Giato et al. [27] the thermo-injected flexible resin was presented the greatest chromatic alteration value after accelerated aging.
Peracini et al. [28] suggested that the color changes were significantly higher for the Corega Tabs than for the control group, but the color changes after the immersion in denture cleansers were clinically insignificant. In the present study, denture cleanser was no effected on colour stability of denture base materials.
The color stability of denture base acrylic resins is influenced by denture cleanser [29] . Sato et al. [30] showed that chemical denture cleansers used according to the manufacturers' specifications did not cause color changes in heat-polymerized acrylic resins submitted to soaking cycles that simulated 30 days of use.
The denture cleansing agents exhibited the ability to remove stain from the denture base materials most effectively. Irregularities and porosities present on the denture surface played a major role in reducing the activity of denture cleaning agents and hence increased stain and plaque retention [12] .
Bayındır et al. [31] found that methyl methacrylate resin provisional materials were more color stable than autocured bis-acyrl provisional materials. After immersion for all materials showed visible color changes. The coffee solution exhibited more staining than others groups.
In the present study the influence of solutions on the color changes of denture base materials was found similar. The greatest color change was observed in polyamide & coffee combinations, the lowest color change was observed in PMMA & Denture cleanser combinations. And the colour stability of polymetyhl methacrylate denture base resin is greater than polyamid denture base resin. The color stability of polyamids should be made better. Clinically patients that use prothesis were made polyamid denture base materias should be warned about cleaning of the prothesis.
Conclusions
With in the limitation of this study; 1) There were no statistically significant differences between solutions on the colour changes of denture base materials (P > 0.05).
2) Polyamid material showed the greatest colour change when compared to PMMA material (P < 0.001).
3) The highest color change was observed in polyamide & coffee combinations (ΔE = 7.29).
4) The lowest color change was observed in PMMA & denture cleanser combinations (ΔE = 2.25).
